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Abstract

Context: Lung cancer is one of the most common cancers worldwide with high mortality and short survival rate. Radiotherapy is
one of the treatment modalities in patients who are non-surgery candidates or refuse surgery.
Objectives: The current study aimed at evaluating the effectiveness and safety of this technique compared to similar ones for lung
cancer treatment.
Methods: In order to answer the research question and find the available evidence, after the development of the search strategy,
Pubmed, Cochran, Ovid, Medline, and DARE databases were searched and related articles were selected based on the inclusion crite-
ria. Then, we chose all studies that had the PICO acceptance criteria (Participants: adults with lung cancer; Intervention: tomother-
apy; Comparisons: tomotherapy with Cyberknife; Outcomes: local tumor control (LTC), survival rate (SR), complications, and degree
of toxicity). The quality assessment of the studies was conducted using the CASP (Critical Appraisal Skills Programme) checklist. Two
independent search engines evaluated the articles in terms of methodology, and information was extracted from the papers.
Results: Overall, 12 retrospective studies with 616 patients were found examining the efficacy and safety of a certain technology.
According to the results of the studies, the local tumor control (LTC) index varied from 63% to 100%. The two and five-year SRs were
73% and 56%, respectively. In addition, the mortality rate of patients until the completion of the treatment course was 34%, indicating
the higher efficacy of tomotherapy than the efficacy of other similar techniques. The toxicity of tomotherapy was less than that of
Cyberknife, which indicates its more safety.
Conclusions: According to the epidemiology of cancer, especially lung cancer, and due to aging of the population in Iran, and con-
sidering the higher efficacy and safety of tomotherapy in comparison with other similar technologies, i.e., Cyberknife and Gamma
Knife, tomotherapy is a superior technique in the control and treatment of lung cancer although other aspects, such as cost-efficacy,
should be considered.
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1. Context

Lung cancer is one of the most common cancers world-
wide with a high rate of mortality and short survival rate
(1). There are two main types of lung cancer, small-cell
lung carcinoma (SCLC) and non-small-cell lung carcinoma
(NSCLC). The latter type of malignancy (NSCLC) accounts
for about 90% of all lung cancer cases with a low progres-
sion rate compared to SCLC (1). However, SCLC grows more
aggressively and rapidly than NSCLC; hence, the treatment
choice for lung cancer varies depending on its type; never-
theless, SCLC accounts for less than 20% of all lung cancer

cases (1).

Lung resection surgery is performed in 20% - 25% of
patients. However, about 20% - 30% of patients with lung
cancer are not eligible for surgery or refuse to undergo
surgery (1). In recent years, the strategy for the treatment
of lung malignancies has remarkably changed while until
20 years ago, the surgery had been the first-line treatment
for NSCLC. New technologies in radiation therapy have pro-
vided more concentrated, focused therapy, with improved
efficacy and decreased toxicity compared to traditional ex-
ternal beam radiation (2). Stereotactic radiation therapy
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(SRS) has been used for many years for the treatment of in-
tracranial lesions not amenable to surgical resection. The
stereotypic radiosurgery (SRS), which is a wide spectrum
of tightly focused beams, is applied to tumors and lesions
in the brain, neck, lung, liver, and spine, but is called SBRT
when applied to other organs (2).

Stereotactic body radiation therapy (SBRT) was first
used by Biomangren et al. in 1995. It is not a traditional
type of surgery, as there is no incision. Instead, SRS or SBRT
is a technique that uses 3D imaging with high doses of ra-
diation to target the affected area with minimal impact
on surrounding tissues (3). Technologies that can be run
based on SRS are Cyberknife, Gamma Knife, and tomother-
apy.

2. Objectives

The current study aimed at comparing the safety and
efficacy of SRS techniques in the treatment of lung cancer.

3. Methods

To achieve the goals hinted in the research question,
one of the most important steps was the comprehensive
search of evidence in Iran and other countries for use
in answering the question. To comprehensively search
databases, finding appropriate keywords that comprise
the study PICO seems essential. Here, after selecting
keywords, the available databases, particularly PubMed,
Cochran, Ovid, Medline, and DARE, were searched. In addi-
tion, to increase the coverage and search sensitivity and to
get the maximum number of articles, Google and Google
Scholar search engines were also run using the keywords.
To retrieve the related articles in Persian databases, the SID
and other Persian databases such as Irandoc, Iranmedex,
and magiran were searched (Table 1).

3.1. Selection and Quality Assessment Criteria

To evaluate the retrieved studies, the CASP (Critical Ap-
praisal Skills Programme) checklist, a standard tool for crit-
ical appraisal, was used. Some of the retrieved articles were
excluded based on the title; the rest was appraised based
on the inclusion criteria (PICO), and then the full texts of
the eligible articles were read to enroll the most relevant
ones in the study.

3.2. Inclusion and Exclusion Criteria

All clinical trials, retrospective, and review articles
were included. After selecting the studies, the eligible clin-
ical trials and retrospective articles evaluating the efficacy
and safety of radiation technologies applicable in SBRT

Table 1. Search Strategy

No. Pubmed and Cochran Search
Strategy

Ovid Medline Search Strategy

#1 “Tomo Therapy” “TomoTherapy”.mp

#2 MeSH descriptor “TomoTherapy”
exploded all trees

“cyber knife”.mp

#3 (#1 or #2) “gamma knife”.mp

#4 “cyber knife” “lung cancer”.mp

#5 MeSH descriptor “cyber knife”
exploded all trees

(#1 or #4)

#6 (#4 or #5) (#2 or #4)

#7 (#3 and #6) (#3 or #4)

#8 “lung cancer” (#5 and #6)

#9 MeSH descriptor “lung cancer”
exploded all trees

(#7 and #8)

#10 (#8 and #9) (#8 and #9)

#11 Gamma knife “S.R”.mp

#12 MeSH descriptor “Gamma knife”
exploded all trees

rev # .mp

#13 #11 or #12 (#10 and #11)

#14 #10 and #13 (#10 and #12)

#15 #7 and #14

were assessed in terms of applied technology and then
were compared. The methodology and quality of the stud-
ies were evaluated independently by two experts for each
article. However, no study was found on the comparison of
tomotherapy and Cyberknife. Thus, we chose all the stud-
ies that had the eligibility criteria examining the effective-
ness and safety of a given technology.

Participants: Adults (over 18-years-old) with lung can-
cer

Intervention: Tomotherapy
Comparisons: Tomotherapy with Cyberknife
Outcomes: Local tumor control (LTC), survival rate

(SR), complications, and degree of toxicity

4. Results

4.1. Efficacy and Safety of Tomotherapy for Lung Tumors

To the best of the authors’ knowledge, there were a few
studies on the efficacy of helical tomotherapy in the treat-
ment of lung cancer and the worse thing was that these fi-
nite articles had not very high quality. In general, no ran-
domized clinical trial was found in this regard although six
retrospective studies were found particularly on the effi-
cacy of tomotherapy in the SR of patients with lung tumors
using LTC indices (3-8). In the study by Monaco et al. (3) in
Italy using the radiation dose of 67.5 Gy/30 fractions at 2.5
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Gy per fraction, the results showed that this method with a
maximum dose per fraction was effective in the treatment
of lung cancer without increasing the outcomes.

The study by Bral et al. (4) reported that the dose of 67.2
Gy plus chemotherapy was the safest radiation dose with
acceptable toxicity. In phase 2 of the same study, aiming
to increase the local response rate of 2.24 Gy per fraction,
they increased the radiation dose to 2.36 Gy per fraction
and indicated that based on the maximum tolerated dose
(MTD), outcomes, and the degree of toxicity, increasing the
dose until 2.24 Gy per fraction was unsafe. In a retrospec-
tive study, Song et al. (5) (based on tumor grade) increased
the receiving dose from 60 to 66 Gy/14 - 18 fractions at 2.4
Gy per day (6).

The results of the reviewed studies showed that the LTC
success in different lung tumors varied from 63% (5) to
100% (3); the highest and lowest LTC success rates belonged
to primary lung tumors; it was also 100% in terms of NSCLC
(Table 2).

In addition, the two-year SR was 73% and the five-year
SR was 56%. The mortality rate of patients up to the com-
pletion of the treatment course varied from 0% (3) to 34%
(5).

4.2. Efficacy and Safety of Cyberknife for Lung Tumor Treatment

According to the findings of the current study on the
efficacy and safety of Cyberknife in the treatment of lung
tumors, totally six articles were retrieved of which, five rec-
ommended the LTC as an effective indicator for Cyberknife
efficacy in the treatment of lung tumors, which varied
from 65% to 100% (9-14).

The highest efficacy of Cyberknife belonged to the
treatment of NSCLC and the lowest was observed for the
treatment of SCLC (Table 3). The one-year SR was 80% - 83%,
the two-year SR was 60% - 62%, and the five-year SR was 16%.

There was no report of mortality rate due to Cyberknife
in the examined studies, except for the study by Abreu et al.
that reported the mortality rate of 2.7% due to SBRT (1).

4.3. Efficacy and Safety of Gamma Knife for Lung Tumor Treat-
ment

No study was found on the application of Gamma Knife
for lung tumor treatment. Since this advanced technique
has high precision in the treatment of small targets, it is
only applied to the treatment of small intracranial lesions
and targets within the head of < 3 - 4 cm in diameter on
average (15).

4.4. Comparison of the Efficacy of Tomotherapy, Cyberknife, and
Gamma Knife for Lung Tumor Treatment

In the treatment of lung tumors, due to their specific
conditions such as the movement of the target due to

breathing and placement in the vicinity of a vital tissue
(heart), tomotherapy, Cyberknife, and Gamma Knife are
the suitable radiotherapy techniques for radiosurgery (16).

In the systematic review of 12 articles (Figure 1.), more
than 616 patients were included. The evidence suggested
that Gamma Knife was not applicable to the treatment of
lung tumors due to its high precision in the treatment of
small targets and intracranial lesions (17).

 The result  E-Search

166 Papers 

85 Papers 

25 Papers

12 Papers 

12 Papers 

0 papers doesn’t have   
acceptance quality

13 papers doesn't  
meet inclusion 

criteria

48 papers excluded  
after title restriction

COCHRANE = 14      Pub med = 68
     CRD = 0         Ovid med line = 84

81 duplicate
 papers 

excluded

Figure 1. The flow of the papers through the study

Based on the evidence found in the current study, to-
motherapy has higher efficacy than Cyberknife in terms of
efficacy indices, i.e., LTC and SR. Tomotherapy received FDA
clearance for safety indicators in 2008 (18). However, radio-
therapy, despite its many benefits, is associated with vari-
ous outcomes, some of which were investigated in the re-
viewed studies.

In the treatment of patients with lung cancer, to-
motherapy minimizes the risk of respiratory problems
and esophageal damage (17). In order to repeat radio-
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Table 2. The Details of Studies for Efficacy and Safety of Tomotherapy

Item Authors/Year (Ref.) Type of Study Number of Samples Follow-Up Time, mo Type of Tumor Studied Outcomes

1 Monaco et al./2012 (3) CCT 35 12.3 (6 - 22) NSCLC Toxicity, overall treatment
efficacy

2 Casutt et al./2014 (7) CCT 16 - NSCLC Lc, SR

3 Bral et al./2010 (4) CCT 34 17 NSCLC Lc, SR, OS, degree of toxicity

4 Song et al./2010 (5) CCT 37 18 NSCLC Lc, SR, OS, degree of toxicity

5 Nagai et al./ 2014 (6) CCT 72 20 - Lc, OS

6 Chen et al./2018 (8) CCT 21 48 (36.9 - 59.1) NSCLC, squamous cell
carcinoma, and

adenocarcinoma

CR, PR, SD, PD, ORR, OS

Abbreviations: CR, complete response; LC, local control; OS, overall survival; ORR, overall response rate; PD, progress disease; PR, partial response; SD, stable disease.

Table 3. The Details of Studies for the Efficacy and Safety of Cyberknife

Item Authors/Year (Ref.) Type of Study Number of Samples Follow-Up Time, mo Type of Tumor Studied Outcomes

1 Gibbs and Loo/2010 (12) CCT 34 17 NSCLC Ls, OS, SR, degree of toxicity

2 Whyte et al./2003 (9) CCT 23 7 (1 - 26) - Overall treatment efficacy

3 Le et al./2006 (10) CCT 32 - NSCLC/solitary lung
metastases.

Lc, degree of toxicity

4 Jen et al./2014 (11) CCT 55 34 NSCLC/metastatic lung
tumors.

Lc, SR, BED, degree of
toxicity

5 Nuyttens et al./2006 (13) CCT 22 4 (2 - 11) NSCLC Lc, SR

6 Brown et al./2008 (14) CCT 35 18 Lung metastasis Lc

therapy in patients already undergone radiotherapy, to-
motherapy did not cause complications and reduced the
risk of ulceration and pain caused by repeated radiother-
apy (new treatment paradigm) (17). The toxicity degree
was acceptable in both techniques (tomotherapy and Cy-
berknife), which confirms their safety (18).

Based on the HTA study results in China, helical to-
motherapy is a more effective and safer technology for
the treatment of different cancers, but further qualitative
studies with long-term follow-ups are required to confirm
the available findings and investigate the long-term out-
comes of helical tomotherapy (19).

The results of a reviewed clinical trial showed that in
general, the use of tomotherapy is safe at the clinical level
and its acute and chronic toxicities are considered accept-
able and applicable to all parts of the body (19).

Tomotherapy is used to treat complicated, large tu-
mors at vital body points (17). The degree of toxicity in to-
motherapy is less than that in Cyberknife and therefore,
it is a safer technique (19). The risk of sedimentation in
the overlapping areas is minimized in tomotherapy due
to the capability of 360-degree rotation and radiation at
all angles (20). The duration of each treatment session is
short with tomotherapy compared to Cyberknife. Shorter
irradiation duration (40 minutes vs. 27 minutes) shortens

the queue time (21). Therefore, tomotherapy is suitable for
crowded centers.

Tomotherapy is an appropriate method for patients
with obesity, claustrophobia, or those with complications
such as pain, bone lesions, or neurological problems (20).
Some features such as no need for surgery, especially in
patients who are ineligible for surgery, and the short
course of treatment are among other advantages, which
are roughly the same in both methods.

5. Discussion and Conclusions

Based on the current study findings, the efficacy of
the three methods, tomotherapy, Cyberknife, and Gamma
Knife, as radiosurgery or radiotherapy techniques, was ob-
served in patients with lung cancer. Gamma Knife is not ap-
plicable to the treatment of pulmonary lesions. Cyberknife
and tomotherapy are almost identically effective in the
treatment of lung lesions based on LTC indices. Little dif-
ference between the technologies may be attributed to the
type of tumor, the uncertainty of patient conditions in
different studies, and differences in target groups. As no
meta-analysis was conducted in this regard, such differ-
ences cannot be emphasized. However, the five-year SR was
higher for tomotherapy (54% vs. 16%).
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Nevertheless, the complications and consequences of
tomotherapy are less; therefore, tomotherapy is superior
to Cyberknife.

Due to the increasing incidence of cancer in Iran
(i.e., lung, prostate, and gastrointestinal tract cancers), to-
motherapy is a more appropriate technique. Moreover,
considering the increase in the number of old people, the
number of lung cancer cases will increase in the near fu-
ture, which necessitates the use of tomotherapy.

Based on the findings, tomotherapy is considered an
effective and safe technique for the treatment of lung can-
cer, but there are challenges in the selection of tomother-
apy as the treatment of choice for lung cancer. To the best
of the authors’ knowledge, no economic evaluation has
been performed in this regard. According to available evi-
dence, the cost of purchasing, installing, and launching to-
motherapy devices is very high (5.3 to 5.5 million Canadian
dollars) (22). There was no evidence of long-term complica-
tions due to tomotherapy. Its application requires trained
and expert manpower.

5.1. Sanctions and Challenges Ahead
Totally, ignoring the abovementioned barriers and

considering the epidemiology of cancer in Iran, and the
higher efficacy and safety of tomotherapy, it is currently a
superior technique for the control and treatment of lung
cancer; however, it is suggested that its cost-efficacy be con-
sidered in practice before its application.

Footnotes
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